A critical step in the formation of correct patterns of sensory inputs to the spinal cord is the guidance of specific subsets of sensory axons to their appropriate target regions. Yoshida et al. demonstrate in this issue of Neuron that a repulsive interaction between plexinA1 and sema6C/6D prevents the growth of proprioceptive sensory axons into the superficial laminae of the dorsal horn where cutaneous sensory axons terminate.
A characteristic feature of sensory innervation of the spinal cord is that different classes of sensory neurons project to distinct regions. The targeting of different sensory modalities to appropriate zones within the cord is critical for the establishment of appropriate synaptic connections between sensory neurons and their targets within the cord. These projection patterns are established early, as the sensory axons make their initial projections into the cord, and are believed to depend on attractive and repulsive interactions between the sensory axons and the environment they encounter within the cord. While the molecular nature of some of these interactions is becoming clear, much remains to be learned. The experiments reported by Yoshida et al. (2006) in this issue of Neuron provide a molecular explanation for how the initial trajectory of one major class of sensory fibers is determined as they enter the cord.
Two broad classes of sensory neurons with distinctly different patterns of central projections are the small, weakly myelinated cutaneous axons that mediate nociception and thermal sensation and the large, heavily myelinated proprioceptive axons that mediate muscle movement and joint position. The small cutaneous axons project to dorsal laminae in the spinal cord and never extend into the ventral gray matter. In contrast, large proprioceptive axons avoid these superficial laminae and terminate in the middle and ventral regions of the cord.
Earlier experiments had focused on how cutaneous axons were excluded from the ventral cord. This exclusion was demonstrated in vitro by culturing dorsal root ganglia (DRG) and spinal cord in the presence of nerve growth factor (NGF), which favors the growth and survival of cutaneous neurons (Fitzgerald et al., 1993) . Based on the observations that one member of the semaphorin family, sema3D, is expressed predominantly in the ventral spinal cord, that a specific receptor for sema3D, neuropilin1 (npn1), is expressed in small cutaneous axons, and that sema3D causes growth cone collapse of npn1 + sensory axons, it was proposed that the interaction between npn1 and sema3D was responsible for this exclusion (Messersmith et al., 1995; Pü schel et al., 1995) . When this idea was tested in vivo, however, by deletion of sema3D, cutaneous afferents were still excluded from the ventral gray matter of the cord (Taniguchi et al., 1997) . Thus, additional factors also contribute to this exclusion. One possibility for such an additional factor is suggested indirectly by the results of the current report, which is described below.
Rather than continuing the search for molecular cues guiding cutaneous sensory axons, Yoshida et al. focused on such cues for proprioceptive axons, which express the tyrosine kinase receptor trkC and the calcium binding protein parvalbumin (PV). They began by screening in embryonic DRGs for genes encoding transmembrane proteins that might mediate guidance cues. Of 107 such genes, 27 were found to be expressed by subsets of DRG neurons. One of these genes, plexinA1, was expressed in virtually all PV + sensory neurons and was not expressed in mice in which trkC was deleted, which is known to eliminate proprioceptive neurons (Klein et al., 1994) . None of the other candidate genes was expressed exclusively by proprioceptive neurons. PlexinA1 protein was not expressed in the DRG or on axons in the dorsal roots, but was present on trkC + axons within the cord, a location appropriate to mediate guidance cues there.
Possible ligands for plexinA1 include class 3 and class 6 semaphorins. Of these, only the ecto domains of sema6C and sema6D were found to bind plexinA1 in vitro. Sema6C/6D
ecto also bound to regions of spinal cord that were plexinA1 + , and this binding was greatly reduced in plexinA1 2/2 mice. The pattern of expression of these semaphorins in the developing cord suggested that they could mediate repulsive cues that guide the initial trajectory of plexinA + sensory axons. Snider and coworkers (Ozaki and Snider, 1997) had noted earlier that proprioceptive axons pause when they first enter the spinal cord and then grow medially, avoiding superficial laminae in the spinal cord, before sprouting collaterals that grow into the ventral cord. They suggested that repulsive interactions could determine this trajectory. At the stage when proprioceptive axons pause at the edge of the cord, both sema6C and 6D are expressed at the dorsal margin of the cord. A sema-free zone then appears in this dorsal margin, although sema6D continues to be expressed more ventrally. This could allow proprioceptive axons to grow medially along the cord surface but would prevent them from turning ventrally to invade the superficial spinal laminae normally occupied exclusively by cutaneous sensory fibers. At the time that proprioceptive axon collaterals begin to grow down from the medial portion of the dorsal columns toward the ventral laminae of the spinal cord, sema6D expression is decreased in this medial strip. Furthermore, overexpression of sema6D ecto at the equivalent stage of development in chick spinal cord blocks the growth of these ventral collaterals. Thus, the reduction in Sema6D is necessary to allow proprioceptive axon collaterals to project ventrally.
To determine if plexinA1-sema6C/D interactions are required to prevent the entry of proprioceptive axons into superficial spinal laminae, the authors generated plexinA1-deficient mice. In these mice, sensory neurons developed normally, and proprioceptive axons developed normal peripheral projections to muscle. Centrally, however, most proprioceptive axons took an aberrant pathway to reach their normal target areas in the cord. These axons still projected medially, where ventral collaterals are formed, but most axons reached this region by projecting through the superficial dorsal horn laminae. Virtually no axon shafts were seen in the medial portion of the dorsal funiculus in plexinA1 2/2 mice, whereas in normal mice nearly all of the axon shafts project through this region. A conditional deletion of plexinA1 in sensory neurons but not spinal cord resulted in the same aberrant trajectory, arguing that plexinA1 expression in sensory neurons is required. Curiously, plexinA1 is not required for the development of normal projections of proprioceptive axon collaterals into the ventral spinal cord, where many of these fibers make direct synaptic contacts with motoneurons. Despite their aberrant pathway through the medial portion of dorsal spinal laminae, proprioceptive axons in plexinA1-deficient mice terminate in the same regions as in wild-type mice. Judging by the intensity of PV staining in the intermediate and ventral cord, there was no obvious deficit in these projections, and the authors note no particular behavioral phenotype that would suggest a major disruption of sensory input to the cord. Comparatively little is known concerning how proprioceptive afferents are guided down to ventral laminae of the spinal cord. Neurotrophin-3 (NT3) has been proposed as a chemoattractant for these axons (Genç et al., 2004; Ringstedt et al., 1997) , as NT3 is expressed in the ventral cord and stimulates growth and branching of trkC+ axons in vitro (Lentz et al., 1999) . This idea is difficult to test genetically, however, because NT3 is required for expression of the ETS gene ER81, which itself is required for the normal ventral projection of proprioceptive axon collaterals (Patel et al., 2003) . Indirect evidence suggests that attractive cues from the ventral cord are not required; these afferents grow ventrally into cord segments in which the ventral half has been replaced by an inverted dorsal half (Sharma and Frank, 1998) . A satisfactory explanation of how these ventral projections develop awaits further rigorous tests such as those made in the current report.
Finally, the authors demonstrate that the presence of proprioceptive axons in the dorsal laminae seen in plexinA1-deficient mice is correlated with the exclusion of two classes of small-caliber (unmyelinated and thinly myelinated) cutaneous sensory axons from their normal target region in the dorsal cord. At birth, the projections of IB4 + (unmyelianted) and vGlut1 + (thinly myelinated) cutaneous axons were normal in plexinA1 2/2 mice, but after 1 week, the terminal arbors of these axons were absent from the medial portion of dorsal laminae. The correlated presence of proprioceptive axons and absence of cutaneous axons in this area in plexinA1 2/2 mutants suggest that it is the presence of the proprioceptive fibers that is responsible for the exclusion of these two classes of cutaneous afferents. Although proprioceptive axons might repel cutaneous axons directly, the delayed exclusion of cutaneous axons in plexinA1 mutants is temporally correlated with the aberrant migration of large numbers of oligodendrocytes into this region. Oligodendrocytes are known to be inhibitory to the growth of certain classes of sensory neurons (He and Koprivica, 2004) . Thus, the authors suggest that the exclusion of cutaneous axons from dorsal laminae may be mediated by repulsive cues emanating from the oligodendrocytes that migrate with the misdirected proprioceptive axons.
Oligodendrocyte-mediated exclusion might contribute to the development of axonal projections in wildtype mice as well. The presence of myelinated proprioceptive axons and their associated oligodendrocytes in ventral laminae of the spinal cord could block postnatal growth of cutaneous afferents into the ventral cord, keeping them confined to the dorsal horn. This could provide an explanation for why blockade of npn-sema3D signaling does not result in the invasion of the ventral cord by cutaneous axons. As the authors conclude, programs of axon exclusion are important determinants of the patterning of sensory afferent projections. They're Plastic, but They Recycle Dendritic spines form and grow during hippocampal long-term potentiation (LTP). In this issue of Neuron, a new study by Park et al. uses both serial reconstruction electron microscopy and time-lapse imaging to show that plasma membrane for such spine expansion is trafficked from recycling endosomes that reside locally at the spines themselves.
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Neuroscientists have long conjectured that information processing and storage might involve the physical growth of synapses-even before the experimental means to rigorously test this idea became available. Not long following the discovery of LTP in the hippocampus and its potential role as a cellular substrate of memory, researchers began to test whether growth of dendritic spines underlies tetanus-induced synaptic
